Background: Vascular endothelial growth factor receptor-2 (VEGFR-2) and diet are related to blood lipid health. Gene-diet interaction studies can identify the risks. The objectives are to determine associations, and interaction effects between VEGFR-2 gene polymorphisms (rs1870377 and rs2071559) and dietary patterns on blood lipids in multiethnic Malaysian adults.
INTRODUCTION
The global prevalence of chronic noncommunicable diseases (NCDs) such as cardiovascular disease (CVD) has been increasing in an alarming rate especially in the middle-and lowerincome countries. This is due to the rapid changes in globalization, urbanization, and lifestyle transitions [1, 2] . Hence, in an upper middle-income country such as Malaysia, the top chronic NCDs are CVD, cancers, respiratory diseases, and diabetes mellitus [3] . Hypercholesterolemia which is major risk factor of CVD has become a major concern in the Malaysian population. Based on the National Health and Morbidity Survey 2011 (NHMS 2011), the latest reported prevalence of hypercholesterolemia among adults 18 years and older was approximately 33%, and the prevalence has increased by almost double in just five years when compared to NHMS 2006 [4] .
Gene-environment and gene-diet interaction studies on chronic diseases are favored as these studies incorporate both non-modifiable (genetics) and modifiable risk factors (lifestyle habits). Several literatures have shown significant gene-diet interactions involving either single nutrient or dietary pattern on various risk factors of CVD such as metabolic syndrome [5,6,] , obesity [7] , and blood lipids [8] . In this study, vascular endothelial growth factor receptor-2 (VEGFR-2), also known as kinase insert domain receptor (KDR) gene was selected as the candidate gene due to its major functions of vascular growth and repair [9] which is crucial in the cardiovascular system. Several studies have also reported significant associations of VEGFR-2 gene single nucleotide polymorphisms (SNPs) with several chronic NCDs. The missense SNP, rs1870377 of the VEGFR-2 gene was found to be associated with coronary heart disease (CHD) [10] while rs2071559 SNP, a regulatory SNP was associated with CHD [10] , stroke [11] , age-related macular degeneration (AMD) [12, 13] , and myocardial infarction [14] . and blood lipids in adults [15, 16] , while only one study on dietary patterns [17] . Hence, gene-diet interaction studies involving candidate genes and dietary patterns on risk factors of CVD such as hyperlipidemia and hypercholesterolemia are scarce in the Malaysian population. To our knowledge no previous study has evaluated on the association of VEGFR-2 gene SNPs among the multi-ethnic Malaysian population. The investigation of such relationship and interaction could determine the susceptibility to increased risks of CVD. Hence, the aim of this study is to determine the association and gene-diet interaction effect between VEGFR-2 gene polymorphisms (rs1870377 and rs2071559) and dietary pattern on blood lipids in multiethnic Malaysian adults.
MATERIALS AND METHODS

Study Design, Demographics, Health, Dietary Intake, and Lifestyle Information
This study with convenience sampling approach recruited Malay, Chinese, and Indian adults residing in urban Klang Valley, Malaysia. The inclusion criteria include Malaysian citizenship, age 30-65 years old, not pregnant, and not hospitalized during the course of participation. The inclusion criterion of subjects must be of an offspring from two generations of the same ethnic group was also included to prevent a mix of genetic background present from inter-racial marriages among the ethnic groups. A standard questionnaire was used to obtain information pertaining to demographics, health, and lifestyle habits which were: age; gender; ethnic group; past or presence of common NCDs such as CVD, or on any prescribed medications for these diseases; smoking; alcohol consumption; and physical activity. Dietary intake information of all subjects was obtained using a semi-quantitative food frequency questionnaire (FFQ) previously described [18] . The questionnaires were presented in English for the Chinese and Indian subjects and were also translated to the Malay language for the Malay subjects. The questionnaires were either self-administered or were assisted by trained nutritionists for subjects who were illiterate. This study was approved by the Research Ethics Committee of University of Nagasaki, Japan. All subjects provided written informed consent.
Anthropometric Measurements, Biomarkers, and Genotyping
The height measurements of all subjects were measured to the nearest 0.1cm using a height meter (Seca body meter 208, Seca, Hamburg, Germany) and body mass index (BMI) values were obtained using a body fat analyzer (Omron HBF-356, Omron Health Care Co., Ltd., Kyoto, Japan). The systolic (SBP) and diastolic blood pressure (DBP) values were measured using an automated blood pressure monitor (Omron SEM-1, Omron Health Care Co., Ltd., Kyoto, Japan). The values of the following biomarkers were determined from each subject: glycated hemoglobin A1c (HbA1c); and blood lipids (total cholesterol, triglycerides, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and total cholesterol/HDL-C ratio) (UCSI Path Lab, Kuala Lumpur, Malaysia).
Buccal mucosal cells swabs were collected from all subjects using polyester fiber-tipped applicator swab (Falcon, Becton Dickinson and Company, Sparks, MD, USA) while DNA extraction and purification steps were performed using QIAamp DNA Blood Mini kit (Qiagen, Germantown, MD, USA). The real-time PCR system (ABI 7300, Applied Biosystems Japan, Tokyo, Japan and StepOne , Applied Biosystems, Singapore) was applied for genotyping of VEGFR-2 gene polymorphisms (rs1870377 and rs2071559) of all of the subjects using Taqman Genotyping Master Mix (Applied Biosystems, Foster City, CA, USA), Taqman GTXpress Master Mix (Applied Biosystems, Foster City, CA, USA) together with ready-made TaqMan probes based on reference SNP number, Taqman SNP Genotyping Assays (Applied Biosystems, Foster City, CA, USA). All genotyping procedures were performed in reference to the manufacturer's protocol.
Statistical Analysis
The construction of dietary patterns using dietary intake information obtained from each subject was performed with factor analysis by applying principal component analysis. First, a primary analysis using the criterion of eigenvalues >1.0 was used to extract independent factors. The final number of independent factors which formed the total number of the major dietary patterns was then identified based on the Scree plot and the criterion to select factor loadings of values above 0.40 was used. Once major dietary patterns have been identified, factor scores were derived for each subject in each dietary pattern. Factor scores were then categorized into tertiles for further analysis involving association and gene-diet interaction.
The normality of each variable for continuous data was tested using Kolmogorov-Smirnov test. The association analyses were performed using a mixture of parametric tests and non-parametric tests: analysis of variance (ANOVA) with post-hoc analysis (Tukey test), analysis of covariance (ANCOVA) with post-hoc analysis (Sidak correction), and Kruskal-Wallis with post-hoc analysis (Dunnett's T3). Two-way ANOVA was used to determine gene-diet interactions. A probability value of <0.05 was considered statistically significant.
RESULTS
In this study, there were a total of 509 subjects comprising of 153 Malays (n=39 (25%) males and n=114 (75%) females), 179 Chinese (n=75 (42%) males and n=104 (58%) females) and 177 Indians (n=40 (23%) males and n=137 (77%) females). Table 1 summarizes the anthropometric measurements, biomarkers, and genetic characteristics of the subjects by ethnic group. In terms of gender, there were more females compared to males with significant differences in mean for blood lipids. Females in all ethnic groups had significantly lower mean values for blood triglycerides, and total cholesterol/HDL-C ratio but higher in mean value for HDL-C compared to the males (data not shown, p<0.05). In comparison between ethnic groups for blood lipids, Malays had significantly higher mean values for total cholesterol and LDL-C compared to Chinese while Indians had significantly lower mean values for HDL-C compared to Malays and Chinese ( Table 1) .
Genetic characteristics have shown that the genotype frequencies among the Malays were: 24.2% of AA (n=37), 45.8% of AT (n=70) and 30.0% of TT (n=46) for rs1870377 and 15.7% of CC (n=24), 51.0% of CT (n=78) and 33.3% of TT (n=51) for rs2071559; Chinese: 27.9% of AA (n=50), 48.6% of AT (n=87,) and 23.5% of TT (n=42) for rs1870377 and 12.8% of CC (n=23), 50.3% of CT (n=90) and 36.9% of TT (n=66) for rs2071559; and Indians: 1.7% of AA (n=3), 27.7% of AT (n=49) and 70.6% of TT (n=125) for rs1870377 and 32.2% of CC (n=57), 48.6% of CT (n=86) and 19.2% of TT (n=34) for rs2071559. The genotypes at both VEGFR-2 gene SNP sites were conformed to the Hardy-Weinberg equilibrium using a web-based tool [19] . The minor allele frequencies for VEGFR-2 gene SNPs (rs1870377 and rs2071559) by ethnic groups were more than 0.2 except for rs1870337 SNP among Indians.
Two major dietary patterns were extracted from all 509 subjects in this study: 'Vegetables, fruits, and soy diet' (VFSD), and 'Rice, egg, and fish diet' (REFD). Dietary pattern of VFSD was derived from high consumption of various types of vegetables (green leafy vegetables, cabbage, cauliflower, Chinese cabbage, and broccoli), fruits (papaya, mango, pineapple, starfruit, and papaya), and soybean curd while dietary pattern of REFD was comprised of rice, chicken egg, and fish. The dietary patterns explained 28.9% of the variance in the usual dietary intakes of the subjects. Table 2 shows the mean values of blood lipids by tertile for REFD for Malay subjects whereby significant associations were obtained for blood lipids triglycerides, HDL-C, and total cholesterol/HDL-C ratio. Malay subjects in Tertile 3 of REFD had poorer blood lipid status compared to subjects in Tertile 1 with significantly higher in mean values for triglycerides (p=0.005), total cholesterol/HDL-C ratio (p<0.001), and significantly lower in mean values for HDL-C (p<0.001). Further analysis with the adjustment of confounding variables namely age, smoking, and physical activity was performed for HDL-C due to its normal distribution of data and similar finding (p=0.006) was obtained (data not shown). Significant associations for blood lipids were not obtained for VFSD in Malay subjects, and also for both dietary patterns in Chinese and Indian subjects (data not shown).
The genetic associations between VEGFR-2 gene SNPs (rs1870377 and rs2017559) and blood lipids were also determined in this study. The present study showed significant associations only in Malays and Chinese. In the Malay group, CC-homozygote subjects of rs2071559 had significantly higher mean in blood triglyceride levels (1.96±0.25 mmol/L) compared to CT- homozygote (1.58±0.06 mmol/L) and TT-homozygote subjects (1.43±0.12 mmol/L) (p=0.017). The significant associations involving both rs1870377 and rs2071559 SNPs on blood lipids among Chinese subjects were described previously in which TT-homozygote subjects had higher risks for LDL-C and/or total cholesterol [18] . No significant associations were obtained between genotypes of VEGFR-2 gene SNPs (rs1870377 and rs2071559) and blood lipids in Indians (data not shown).
Gene-diet interactions effects between VEGFR-2 gene SNPs (rs1870377 and rs2071559) and dietary patterns (VFSD and REFD) on blood lipids by ethnic group were determined in this study and only significant gene-diet interaction effects were obtained in Malays and Chinese after adjusting for potential confounding factors age, smoking, physical activity, and alcohol consumption. In Malay subjects, there was significant gene-diet interaction effect between VEGFR-2 gene rs2017559 SNP and dietary pattern, REFD on blood triglycerides (Figure 1) . It was observed that for the combination by genotype of rs2071559 and tertile 3 of REFD (high consumption of rice, egg, and fish diet), CC-homozygote subjects (n=9) had the highest mean in blood triglycerides followed by CT-heterozygote subjects (n=24), and TT-homozygote subjects (n=18). The combination of CC-homozygote and tertile 3 of REFD also had the highest mean in blood triglycerides compared to all other combinations. Significant gene-diet interaction effect was also obtained in Chinese subjects between VEGFR-2 gene rs1870377 SNP and dietary pattern, VFSD on LDL-C levels (Figure 2) . It is shown that the combination by genotype of rs1870377 and tertile 1 (low consumption of vegetables, fruits, soy diet), AA-homozygote subjects (n=23) had the highest mean in LDL-C levels followed by AT-heterozygote subjects (n=25), and TThomozygote subjects (n=23). However, a reverse order was obtained in tertile 2 of VFSD, and in tertile 3, TThomozygote (n=13) had the highest mean in LDL-C levels compared to all other combinations. No significant gene-diet interaction effects were observed between VEGFR-2 gene SNPs and dietary patterns on blood lipids among Indians (data not shown).
DISCUSSION
In this study, the association and gene-diet interaction effect between VEGFR-2 gene polymorphisms (rs1870377 and rs2071559) and dietary pattern on blood lipids were determined in the three main ethnic groups of Malaysian adults. The findings of this study revealed that associations and gene-diet interactions differed among the ethnic groups and significant findings were obtained in all ethnic groups except for the Indians. In the Malay subjects, significant associations were obtained for dietary pattern of REFD, rs2071559 SNP, and gene-diet interaction (rs2071559 and REFD) particularly on blood triglycerides. On the other hand, in the Chinese subjects significant associations were obtained for both rs1870377 and rs2071559 SNPs, and gene-diet interaction (rs1870377 and VFSD) particularly on LDL-C.
In terms of blood lipids status, the present study showed that Malay and Indian subjects had higher risk of blood lipids compared to the Chinese subjects. Our findings are consistent with the latest NHMS 2011 which revealed that prevalence of hypercholesterolemia was highest in the Malays followed by Indians and Chinese [4] . There is limited information on dietary patterns of the Malaysian population. A study which investigated on the association of dietary patterns with oral cancer risk revealed significant increased risk in two dietary patterns, one which is high in beverages and starches, and the other which is high in dairy, fermented/salted and meat/by-products [20] . A recent study on Malaysian adolescents aged 12-13 years old has indicated significant association between high-energy food pattern with general cognitive ability [17] . In this study, two major dietary patterns (VFSD and REFD) were extracted from multi-ethnic Malaysian subjects. However, it was only shown that Malay subjects in the highest tertile of dietary pattern REFD i.e. high consumption of rice, egg, and fish had significant higher risk of several blood lipids.
The associations between VEGFR-2 gene polymorphisms (rs1870377 and rs2071559) and blood lipids were found to be significant only among Malay and Chinese subjects of this study. Among the Malaysian subjects, C allele of rs2071559 in Malay subjects had significantly higher mean in blood triglycerides levels while T allele of both rs1870377 and rs2071559 in Chinese subjects had significantly higher risk of blood cholesterol levels. Previous study involving Japanese subjects reported no significant associations between VEGFR-2 gene SNPs (rs1870377 and rs2071559) on the development of coronary artery lesion in Kawasaki disease subjects [21] . There were two studies involving the Han Chinese population which reported that the A allele of rs1870377 and C allele of rs2071559 had a higher risk of CHD while C allele of rs2071559 had a lower risk in susceptibility to stroke and recurrence [10, 11] . Another study among Caucasians originated from Italy has reported that T allele of rs2071559 had higher risk of AMD [12] while another study also conducted in Italy has reported that the number of TT-homozygote subjects were lower among patients with neovascular AMD [13] . A recent study on Caucasians of Slavin origin indicated that CC genotype of rs2071559 had higher risk of myocardial infarction in type 2 diabetes mellitus patients [14] . Based on the literatures on the related VEGFR-2 gene SNPs, it can be summarized that there is insufficient data on rs1870377 SNP while there are more evidence demonstrating that C allele of rs2071559 may increase the risk of CVDs, which is consistent with our finding among the Malay subjects. However, the differences may also indicate that these two SNPs could have different effects on selected populations and ethnic groups in a wide range of chronic diseases/conditions. The present study showed significant gene-diet interaction effects on blood triglycerides in Malay subjects and LDL-C in Chinese subjects. It was observed in the Malay subjects that the gene-diet interaction between CC-homozygote of rs2071559 and tertile 3 of REFD had higher mean blood triglycerides levels than individual associations of rs2071559 SNP by genotype and dietary pattern of REFD by tertiles. The interaction between the dietary component and regulatory SNP, rs2071559 may influence the expression levels of VEGFR-2 which resulted to the increased levels of blood triglycerides. It was reported that CC genotype of rs2071559 was associated with reduced expression of VEGFR-2 in Han Chinese subjects [10] while a recent study showed significantly higher fasting serum VEGF levels in type II diabetic mellitus patients without coronary artery disease when compared with other genotypes [14] . On the other hand, in Chinese subjects, significant dietary pattern associations were not obtained for blood lipids, therefore the dietary pattern of VFSD could enhance polymorphism effects of rs1870377 by influencing the protein activity of VEGFR-2 contributing to the significant gene-diet interactions. In addition, VEGFR-2 gene is also expressed via several types of cells including endothelial progenitor cells (EPCs) [9] and several studies have reported significant associations between VEGFR-2 activity indicated by number of EPCs with several chronic diseases. It was reported that the number of circulation EPCs was found to be low in patients with hypercholesterolemia [22, 23] In this study, we did not obtain any significant associations or gene-interaction effects in the Indian subjects even though increased risk of blood lipids was observed when compared with Chinese subjects. In terms of dietary patterns associations, the possible reason could be due to food preparation methods which were not determined in this study. Food preparation or cooking methods such as the use of lard, and deep fat frying may affect the quality of the diet (e.g. high in total saturated fats or trans fatty acids). It is reported in a study that the increasing prevalence of metabolic syndrome among Asians Indians could be due to a dietary pattern of high consumption of saturated fat [24] . As for the insignificant genetic associations, the possible reason could be due to the small MAF of less than 0.2 for VEGFR-2 gene rs1870377 SNP with only three AAhomozygote subjects among the Indian subjects. It was also observed that there was a distinct difference in allele frequencies between the Indian subjects compared to Malay, and Chinese subjects. The Indians were more dominant in the C allele which may not contribute to any effect on the expressions levels of VEGFR-2 gene.
The limitations of this study should be noted, in which the sample size of the subjects was limited in each ethnic group, and there were more females compared to males. A larger sample size may help to strengthen the statistical power of the study. The FFQ is a reliable tool used in obtaining dietary intake information, however due to its retrospective nature of this tool, data on the food intake obtained is relied on the information provided by the participants, and may not reflect the actual intake. Lastly, the cross-sectional study design of this study limits the interpretations to associations, and gene-diet interactions.
Any interpretations on the causal effects of VEGFR-2 gene polymorphisms and dietary patterns on blood lipids could not be obtained in this study. This may be the first study involving the associations and gene-diet interactions between VEGFR-2 gene polymorphisms and dietary patterns among Malaysian adults hence further studies involving a larger sample size should be conducted to confirm the findings of this study. In addition, similar investigations can also be performed in other candidate genes associated with blood lipids.
In summary, in the Malay subjects the dietary pattern of REFD was associated with blood lipids, C allele of rs2071559, and gene-diet interaction effect with the combination of CC and tertile 3 of REFD had increased risk of blood triglycerides. In the Chinese subjects, T allele of both VEGFR-2 gene SNPs (rs1870377 and rs2071559), and gene-diet interaction effect with the combination TT and tertile 3 of VFSD had increased risk of LDL-C. Hence, significant associations and gene-diet interaction effects between VEGFR-2 gene polymorphisms and dietary patterns on blood lipids obtained in this study may provide insights on the hyperlipidemia and hypercholesterolemia risks in Malay and Chinese Malaysians. With that, investigations on gene-diet interactions studies are required to achieve the goal of personalized nutrition in the future.
